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Abstract 
The paper presents the results of studies of the effect of multiwalled carbon nanotubes 18-20 nm in concentrations of 1 
and 10 mg / ml for diatoms Pseudo-nitzschia pungens (clone PP-07) and golden alga Isochrysis galbana (clone TISO). The 
toxic effects of multiwalled nanotubes on both types of algae is revealed, which results in a decrease of the linear 
dimensions of cells, chloroplasts, and a reduced number of cells when incubated over 24 h (Pseudo-nitzschia pungens) and 
36 hours (Isochrysis galbana). 
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In view of increase of outputs synthetic nano - and microdimensional materials, growth of interest to 
feature of their influence on live organisms, including sea biota is quite natural.  
One of the most important elements of a biota at the ocean are sea microalgae, as being an initial link of 
trophic chains.  In this regard, the technogenic pollution influencing on sea algae, can cause serious ecological 
shifts in an ocean biocenosis as a whole.  
As the toxic agent the nanomaterials which are most actively made in the world industry - multiwalled 
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carbon nanotubes (MWCNT) were chosen (Monthioux, Kuznetsov, 2006).  
There are rather contradictory messages on toxicity of multilayered carbon nanotubes on live organisms as 
a whole (Jia et al., 2005; Bottini et al., 2006; Golokhvast et al., 2013) and on marine algae in particular (Baun 
et al., 2008; Kwok et al., 2010; Matorin et al., 2010, 2013; Long et al., 2012).  
1. Materials and methods 
Researches were conducted on the basis of laboratory of nanotoxicology of Far Eastern Federal University 
(Vladivostok, Russian Federation). For this research were chosen two species of microalgae – a diatom 
Pseudo-nitzschia pungens (Grunow ex P.T Cleve) Hasle (PP-07 clone) and a golden alga of Isochrysis 
galbana Parke (TISO clone) from a collection of live cultures of microalgae of  Zhirmunsky Institute of 
Marine Biology (Far Eastern Branch Russian Academy of Sciences). These two species of algae are capable 
to move actively. The cultures of microorganisms used in work had typical morphological and biochemical 
properties. For cultivation of microalgae and cultivation of nanoparticles the nutrient medium of F/2 on the 
basis of sea water (Orlova et al., 2011) was used. 
Concentration of cells in culture defined under a microscope in the Sedgewick Rafter Counting cells (1 ml).  
The culture of microalgae carried on 1 ml in 26-holes  sterile tablets, leveled concentration of cells where then 
brought multilayered carbon nanotubes (MWCNT) in concentration of 1 mg/ml and 10 mg/ml and maintained 
in the thermostat at a temperature 200ɋ during 12, 24, 36 and 48 h.  
Ultrasonic dispergating of MWCNT suspension in a nutrient medium of F/2 was made by an ultrasonic 
dispergator of Bandelin Sonopulse HD 3100 (Italy) within 3 minutes (energy of 6384±120 kJ) as analog of 
natural hashing. Control of sedimentation after ultrasonic dispergating, carried out with use of a two-channel 
spectrometer Shimadzu UV 2550 (Japan). For this purpose a control sample of MWCNT suspension poured 
in a ditch of 4 ml and placed in the spectrophotometer. Absorption of light registered within a week with a 
minute interval 
(10080 measurements). The maximum light absorption of studied samples was observed with a length of 
wave of 195 nanometers. 
Washed MWCNT with a diameter 18-20 nanometers and specific surface area  (SBET)=140 m2/g were 
made at Boreskov Institute of catalysis (Siberian Branch of the Russian Academy of Science).  MWCNT had 
technological impurity in %:  Fe 0,21;  Co 0,12;  Ca 0,004;  Al 0,005;  Cl 0,08.  For light microscopy we used 
microscope Zeiss Axio Observer A1 (Germany).  
For research of viability of algae culture in holes of a tablet methylene blue (1 ml of dye/ml of cellular 
suspension) was added to water solution and incubated within 45 min at the room temperature (dead cells 
absorbed blue colour).  
By means of the software of Zeiss AxioVision the following parameters were measured: quantity of cells, 
live/dead, morphological physical activity, area and length of a cell, chloroplasts size of Pseudo-nitzschia 
pungens. For control took holes with algae without addition of MWCNT.  
2. Results 
Diatom Pseudo-nitzschia pungens reacts to presence at the environment of nanotubes delay of rates of cell 
fission. If in control, in a temporary interval from 0 to 48 h there is a gradual increase in concentration of cells 
due to mitotic divisions, in experimental groups concentration under review decreases that probably testifies 
to an adverse effect of nanotubes on development of a microalgae (fig. 1). 
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Fig. 1. Diagram of change of number of cells of Pseudo-nitzschia pungens under review in control group, at MWCNT introduction in 
concentration of 1 mg/ml (K-1) and 10 mg/ml (K-10). 
Most likely, high concentration of nanoparticles influences on physical activity of these microalgae.  So, in 
control group about 20 - 25 moving cells from 100 cells in field of view, at contact during 24 – 36 h with 
MWCNT (10 mg/ml), their quantity decreases to 5-7 cells from 100 in field of view.  
At contact of 36 h and 48 h algae Pseudo-nitzschia pungens with nanoparticles in concentration of 10 
mg/ml, under review in a large number the "empty" cells, which length are visible, in comparison with control 
group doesn't change.  Also, it should be noted the  observation of a large number of spherical objects of the 
brown or gray color lying freely, or forming conglomerates.  
At measurement of the chloroplasts size of Pseudo-nitzschia pungens, it is revealed that contact with 
MWCNT changed their sizes.  In 12 h contact of cells with MWCNT in concentration of 1 and 10 mg/ml, the 
chloroplasts size decrease by 13,9±0,2% and for 22,5±0,2% respectively.  In 48 h these indicators reach 
values of 25,9±0,4% and 27,3±0,2% respectively.  
It is similar to diatom algae, cells of a golden alga Isochrysis galbana react to presence at the environment 
of nanotubes at concentration of 1 and 10 mg/ml decrease in quantity of cells (fig. 2).  
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Fig. 2. Diagram of change of concentration golden algae Isochrysis galbana under review in control, at MWCNT introduction in 
concentration of 1 mg/ml (K-1) and 10 mg/ml (K-10). 
Thus, in 24 and 36 h contact with nanoparticles in concentration both 1 mg/ml, and 10 mg/ml, is observed 
reduction of the cell area of algae Isochrysis galbana to 13,3±2,1 mkm2 (for 26±0,3%) and 12,9±2,3 mkm2 
(for 28.2±0.3%) respectively.  In control this indicator makes 17,9±3 mkm2.  
Decrease in concentration of algae with bundles is at the same time observed, increases the quantity of 
spherical motionless cells (planozygote) and physical activity of cells is slowed down. After initial decrease in 
quantity of mobile cells Isochrysis galbana, in 48 h incubation the increase in number of mobile cells is 
observed. Approximately the same charts are observed and at Pseudo-nitzschia pungens cultivation. Such 
restoration of mobility, it is possible to estimate as adaptation of cells to MWCNT. 
As interesting supervision it should be noted different reaction to injection of MWCNT in concentration of 
1 mg/ml – the diatom algae Pseudo-nitzschia pungens reacted rapid growth of number of cells, and a golden 
alga Isochrysis galbana – sharp decrease in number of cells.  
3. Discussion  
Results of our research allow to make the following conclusions.  MWCNT in relation to algae Pseudo-
nitzschia pungens and Isochrysis galbana show toxicity in the studied concentration.  Also it should be noted 
that belonging to different taxonomical groups (diatom and golden algae) differently react to carbon 
nanotubes.  
Pseudo-nitzschia pungens at incubation in the presence of MWCNT in concentration of 1 mg/ml during 12 
h responded with increase of quantity of cells, and then – decrease in two times, in comparison with control, 
at cultivation of 48 h.  At concentration of MWCNT of 10 mg/ml sharp decrease in concentration since 24 h 
incubation began.  
Golden algae Isochrysis galbana practically didn't react to concentration of 1 mg/ml, except decrease twice 
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on a time span of 36 h whereas at further cultivation the quantity of cells reached control values. 
Concentration of MWCNT of 10 mg/ml on the same cells worked depressing – their number under review 
decreased twice at incubation of 36 and 48 h.   
The difference in influence on different types of algae first of all is caused by their morphological features 
and especially, external covers which provide contact with nanomaterials. So, diatom algae (Bacillariophyta) 
are covered with the "armour", consisting mainly from silicon dioxide. Golden algae (Crysophyta) usually 
naked and covered only plasmalemma, or dressed by the armor consisting from silicon scales (Hallegraeff, 
2003). It is possible to explain with a firm cover of both algae and that fact that the studied concentration of 
MWCNT completely don't suppress growth of algae in 48 h, in a case, with Isochrysis galbana, the adaptation 
which is showing in normalizing quantity, their sizes and mobility is observed. In favor of the mechanism of 
toxic action of nanotubes through the superficial membrane effects mediated by system of secondary 
intermediaries, it is possible to give the fact of lack of MWCNT in algae. 
This work is supported by Scientific Fund of Far Eastern Federal University, Government Task of Ministry 
of Education and Science of the Russian Federation, Presidential Grant for young candidate of science (ɆɄ-
1547.2013.5). 
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